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HITRODOCTIUN 

The  discovery  that  the   serun  of  one  animal  v/ould   hemolyze 
and  agglutinate  the  red   corpuscles   of  another  was  first  nade 
by  Landois   (1)   prior  to  1875,  while   studying  blood  transfu- 
sion.    The  fatal  results  that   occurred  trhen  transfusions 
were  made  from  one  animal   species  to  another  led  him  to  look 
for  chancres   in  the  mixed  bloods  which  r.if^ht   explain  his  dif- 
ficulties.    The  clinical   interest    shifted  to  a  biolor;ical 
one  when  Bordet   (2)  began  his  memorable  studies   of  antibodies. 
It   is  to  him  that  we  owe  the  laying  of  the  foundation  for 
future  work  in  this  field. 

The  cause  of  the  presence  of  natural   hemolysins  and  hemag- 
glutinins  in  the  blood   of  animals  is  yet   unsolved.      There 
are,   hcn/irever,   some  interesting   facts  relating  to  this  oroblem. 
Happ  (3)    found  that  iso-hemagglutinins  and  hemolysins  in  man 
developed  early  in  childhood  and  that  during  this  period  the 
blood  group   of  the   individual  becomes   established.      The   obser- 
vations  of  von  Dunf;ern   and  Hirschfeld   (4),   Ottenberg    (5)    (6) 
and   others   show  that  the  development    of  these  blood   E;roups   are 


dependent   unon   factors   in  ths  germ  plasn  of  the  parents  and 
that  they  are  inherited   in  true  I.iendelian  fashion.     Th-se  two 
facts   are  important  in  connection  with  iso-anti bodies  and  are 
mentioned  hers  because  of  the  significant  light  they  throw  on 
the  question    of  the    cause   of  normal   antibodies    in  general. 

Specificity  of  antibodies  has  been  the  nucleus   around  which 
the   science   of  iirjnunolo,p:y  has  developed.      This   characteristic 
has  been   studied  most,   however,   in  connection  v.it'n  the  behavior 
of  immune   rather  than   normal   antibodies   and   least    of  all,   the 
normal   hemolysins  and  hemagglutinins. 

That   antibodies   are  transmitted   from  mother  to   offspring 
through  the  placenta  and  milk,   is  an  established  fact.      (7)    (C) 
It   is  important  that  the  antibodies  thus  acquired  should  be 
excluded   from  a  study   of  those   antibodies   of   autochthonic   origin. 
Such  differentiation  i s  not  always  easy  in  case  of  the  mammal. 

Bordet    {9)  was  the  first  to  produce  an   im.nune  hem.olysin  and 
hemagglutinin.     He  studied  the  comparative  reaction   of  these 
acquired  and  natural  antibodies  and    could  dem.onstrate  no  differ- 
ences bet-.veen  the  two,   except  quantitative   ones.      Since  then 
others  have   studied  various  normal   and   immune  antibodies,    anti- 
bacterial  as  v.'ell   as  those   affecting  red   cells,   but    on  the  whole, 
the  results  have  been  essentially  the  same  as  those   of  Bordet, 
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It   is   obvious,   therefore,   that  the  natural   antibodies   pre- 
sent many   interestinp;  questions   for  further   investigation. 
There  can  be  no  doubt  that   a  better  understanding  of  such  prob- 
lems as  those  relating  to  the  cause  and  nature  of  natural  anti- 
bodies will  throw  much  light  on  iramvmity  reactions   in  general. 
The  present   study   sets  forth  certain  facts  concernLnfc  the 
natural  and   itnnune  hetr.agf^lutinins   in  chicken  serum  with  respect 
to  their  time  of  origin  and  specificity.      The  evidence  first 
presented  shovrs  that  the  fresh  serum  from  the  adult   chicken 
contains  agglutinating  antibodies  for  the  red  cells   of  a  number 
of  animal  species.     The  degree  of    ^ecificity  of  both  the  natu- 
ral and  immune  hemagglutinins  was  determined  by  adsorption 
with  the  red  cells  from  various  animal  species.     The  time  of 
origin  of  a  fevr  of  the  hemagglutinins  was  determined  and  by 
taking  advantage   of  certain  facts   found  here,    it  has  been  pos- 
sible to   answer  the  question  as  to  whether  the  natural   and  the 
corresponding   immune  hemagclutinins   are   identical. 

Pj\  answer  to  the   latter  question  has  been   facilitated  by 
the  fact   that  the  hemagglutinins   for  the  corpuscles  tested  were 
not  present  in  the  serum  of  the  newly-hatched  chick  but  arose 
later.      This   neriod   varied  from  a  few  days  to   several  vreeVs, 


5 
depending  upon  the  species   of   corpuscles  concerned.     The  latent 
period  gave  an  opportunity  for  the   production  of  imnune  agglu- 
tinins by   in.iecting  the  chick  with   guinea  pip   corouscles.      k 
comparative   study  has  been  made  of  the  antibody  thus  produced 
and  +-hat  which  normally  appears  later. 

EXPKRBiimTAL. 

The  technique  coinmon  to  all   the  experiments   carried   out   in 
this  paper   is  described  here.      Any  deviations  will  be  given 
vfith  the  description   of  the  experiment   in  hand. 

Cells,       The  red  corpuscles  were  collected  by  cardiac 
puncture  and  imir.ediately  citrated.     They  were  then  washed  four 
times  in  three   or  four  volumes  of  normal   salt    solution,   after 
which  they  were  brought  to  whole-blood  volume  with  normal   salt 
solution  and  from  this  the  further  desired  dilutions  were  r.ade. 

Sera.  Sera  fron  adult  chickens  were  obtained  by  puncturing 

the  ;1ugulrr  veins.  The  clot  was  inur.ediately  broken  up  and  the 
serum  and  clot  separated  by  centrifugalization.  in  collecting 
the  blood   from  the  chicks,   a   small  needle  puncture  w«>.s  made   in 


the  ,iu{^ular  vein,   and   from   one  half  to   one  cubic  centimeter   of 
blood  vras   collected.      The   serum  was   pipetted  from  the  clot 
after   standing   on   ice   over  night,      Inactivation  vms   effected 
through  heating  the   sera  in  a  water  bath  at   55°C.  for  thirty 
minutes. 

Titrations.      The  titrations  were  made  according  to  one   of 
two  protocols,   A  or  B.     In  protocol  A,   the  unit   for  measuring 
serum,    salt   solution  and   cells   is   o.l   c.c,   and  the  total  volume, 
1.0  c.c.     The  materials  were  added  to  small   serological  tubes, 
as   shown  in  protocol  A,   and  a  reading  vras  made  following  incuba- 
tion for  one  hour  in  a  water  bath  at  370C.     The  end  titres  were 
determined  by  e^car.ining  microscopically  a  drop   of  the  contents   of 
a   few  tubes  beyond  the  macroscopic   reading.    (See  page  8  for  protocol    A) 

In  protocol  3,  the  unit  for  measuring  the  serum  and  salt 
solution  was  a  drop  from  a  capillary  pipette.     The  dilutions  were 
made  up  as   shown   in  protocol  3;   then  by  r.eans   of  a  platinum  loop, 
hanging  drops  were  made   from   each  dilution  plus  the  red   cells  di- 
luted  1-5,     That    is,    one  loop  of  the  diluted   serum  was  placed   on 
a  cover-glass  and  to  this  was  added  one  loop  of  the  diluted  cells. 
Liicroscopic   examinations  were  made  immediately  and  ten  minutes 
after  the  preparations  were  made.      (See  page  7  for  protocol  B) . 


Readings.  In  each  protocol  the  ap;glutinRtinf!;  titre  vras 

taken  as  the  highest  dilution  of  serum  which  p;ave  any  demonstra- 
ble clumping  of  the  red  cells. 

Protocol  B. 


Tubes 

1 

2 

3  4 

5 

6       7 

8 

9 

10 

Drops  of  un- 
diluted serum 

1 

2 

1   1 

1 

1  of  4*  1  of  4 

3  of  7 

1  of  7 

0 

crops  of  salt 
solution 

0 

2 

4  9 

19 

4       9 

3 

4 

1 

Titre 

1 

2 

5  10 

20 

50     100 

200 

500 

0 

*?iF;ures  following  the  word  "of"  indicate  the  nunber  of  the  tube 
from  which  the  drop  of  diluted  serum  is  obtained.  Thus,  the 
drop  of  diluted  serum  which  is  added  to  tube  6  was  taken  from 
tube  4,  Since  the  serum  in  tube  4  had  already  been  diluted  1-10, 
the  serum  in  tube  6  is  finally  diluted  1-50. 
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Tables*     The   terms    "undiluted   serum"  when  used    in  the 
tables   indicates  that  the  results  recorded  under  that  heading 
vrere  from  tests  made  with  undiluted   serum  (hanj;inp  droos).     In 
recording  these  results,  the  sif,n -t  (plus)    indicates  a  nositive 
reaction  and  the   sign  0   (zero)    indicates  a  negative  reaction. 
The  results   recorded  under  the  t^-rms   protocol   A   or  B  indicate 
that  the  tests  were  made  according  to  the   specified  protocols 
and  the  results  are  piiven  in   figures   -  the  figures  representing 
the  highest  dilution  of  serum  in  -which  agglutination   occurred, 
■"he  upper   of  any  two   signs  or  figures  represents  the  result 
with  active  serum,  while  the  lower  represents  the  result  with 
inactive  serum, 

1.      Scope   of  the  Hemolytic   and  Agglutinating   Action   of  Chicken 
Serum, 

3ordet    (10)   -.'.'as   the   first  to  call   attention  to  the   hemoly- 
sins  and   hemagglutinins    of  normal  chicken  serum,  particularly 
for  the  corpuscles   of  the   rabbit  and  the   rat,     '.Ve  have  made  quan- 
titative determinations   of  these  antibodies  for  the  corpuscles   of 
a  number  cf  species,    including  the  rabbit  and  the  rat.     The  re- 
sults are  given   in  Table  Xf 
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Table  1.   This  table  shows  the  degree  of  the  hemolytic  and 

agKlutinating;  action  of  normal  pooled  adult  chicken 
serum  on  the  red  corpuscles  of  other  animal  species. 


Kind  of  cell 

Act- 

ive 

Serun 

Inactive  serum  55°C 

Hemolysis 

Agglutination 

AgS 

lutination 

Rabbit 

28 

200 

250 

Rat 

28 

200 

200 

Dog 

10 

leo 

180 

Mouse 

20 

100 

100 

Kan 

28 

66 

66 

Guin'.-a  Pig 

20 

50 

40 

Frog 

10 

50 

40 

Cat 

10 

40 

28 

Ox 

10 

28 

28 

Pip-eon 

0 

28 

20 

Sheep 


10 


10 


10 


Turtle 

5 

5 

10 

Horse 

2 

2 

5 

Goat 

0 

0 

0 

11 

Titrations  were  made  both  vrith  active  and   inactive  serum 
pooled   from  five  to  fifteen  adult   chickens,  the  app;lutinating 
titers  beinc:  determined  with  both   active  and   inactive   serum  and 
the  hemolj^ic  titers  with  the  active   serum.      Inactivations  did 
not  materially  affect  the  agElutinins, 

The  corpuscles  from  fourteen  different   species  were   studied. 
The  agglutinating  titers  ranged  from  250  to  0,     The  serum  was 
most   active  against  rabbit   cells,  while  poat   cells  were  unaf- 
fected.    The  hemolytic  titers  corresponded  to  those  of  the 
agp-lutinins  but  they  M.'ere  of  lower  degree.     The  Icrge  number 
of   species  affected  is  most   striking.     Does  the  serum  contain 
so  many  different  agglutinins  and  hemolysins  or  do  the   same 
antibodies   act  upon  the  different   corpuscles?      This   question 
will  be  considered  later.     Questions  concerning  the   origin   of 
these  antibodies  are  also  of  interest. 

2.      Iso-Hemagglutinins   in  Chicken  Serum. 

The  discovery  of  iso-hemagglutinins  in  man  by  Landsteiner 
and   Shattuck   (11)   has   stimulated  attempts  to  demonstrate    similar 
relations   in  the  blood   of  other  animal    species.         .'ith  few  excep- 
tions the  results  have  been  negative   (12   )    (12). 

'.Ve  have  made  two  attempts  to  determine  whether    or  not 
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iso-henaf.frlutinins  were   present   in    chicken   serum.      The   first 
test  was   carried   out   on   thirteen  adult   chickens,    including 
both   seres.     The   serum  of   each   individual  was  tested  against 
the   cells   of   every   other  member   of  the  flock  by  the  hanging 
drop  method.      In  this  test  the  serum  was  undiluted,     The 
cells  were  vmshed  and  diluted  1-4,     No  agglutination   occurredi 

The   second  test   ■m.s  made  on  a  flock  of  fourteen 
chickens,    essentially  after  the   same  manner  as  the  foregoing. 
In  addition  to  the  undiluted   active  and   inactive   serum,   the 
active  serum  diluted  1-5  was  also  tested  against  the  cells 
but  no  agglutination   occurred. 

It   is   concluded,   therefore,   that   chicken   serum  does 
not   contain   iso-bemagglutinins  which   can   be  demonstrated  by 
the  methods   ordinarily  used. 
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3.      Soecificity   of  the  Natural   Hemarf^lutirins   in  Chicken  Serum. 

The  natural  heniap:p;lutinins  active  *for  any  Riven  red  cell 
are   easily  removed   from  chicken   serum  by  adsorption  with  the 
p:iven   corouscles.      :'his   is   readily  shown  by  titrating  the   adsorbed 
serum  -rrith   the   corpuscles   in  question,      xf  the   adsorbed   serum  is 
titrated  against   corpuscles  from  a    species  different   from  the   one 
used  in  the  adsorption,  the  agglutinins  for  the  different  coriDus- 
cles  may   or  may  not  be  found  to  have  disappeared. 


*E3cplanatory  Note:      in  studying  the  hemagglutinins  in  chicken 
serum,   there  arose  the  need  for   a  new  term  to  denote  a  particular 
action  of  these  antibodies  for  the  corpuscles   of  a  given  animal 
species.     For  example,  the  normal    serum  vrould   sometim.es  aggluti- 
nate rabbit  corpuscles  in  a  dilution   of  1-200.      It  was  also 
found  that   not   all  these  antibodies  which  agglutinated  the   rab- 
bit  cells  were   specific  but,   as   shown  by  adsorption  tests,    some 
of  the  antibodies  would  agglutinate   other  kinds   of  cells  such  as 
those   of  the  guinea  pig,   rat,    etc.      Then  it  was   obvious  that 
one  could  not   speak  of  these  anti-rabbit  hemagglutinins  as  speci- 
fic nor  were  they  entirely  non-specific.      They  were,    in  truth, 
specific   plus  non-specific   anti-rabbit   hemagglutinins,      '^he   sane 
need  for  a  term  to  fit  this  particular  kind   of  case  came  up  in 
connection  with  the  action   of   other  hemagglutinins.     The  word 
"active"  will  be  used  to  express  this  reaction.     That   is,   in 
speaking  of  all  the  hemagglutinins  which  agglutinate  the  red 
corpuscles   of  the   rabbit,  we   say,    "the  hemagglutinins   active 
for   the   red   corpuscles   of  the   rabbit".      The   same   is   applied  to 
anti-rat,   anti-guinea  pig,   and   other  hemagglutinins,     in  this 
paper,  the  ^-erm  "active"  used  in  this  connection  need  not   con- 
flict with  the  meaning   of  the  term,  active  when  applied  to  serum 
to  indicate  that   it  contains   com.plement. 
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The  result  depends  upon  the  kind  of  corpuscles  used  in  the 
test.  The  results  from  a  series  of  adsorption  experiments 
■with  the  red  corpuscles  from  five  different  animal  species 
show  thnt  chicken  serum  do3s  not  contain  ap;f^lutinins  v/hich  react 
separately  for  each  of  these  kind  of  cells,  nor  does  the  agglu- 
tinating; substance  act  as  a  single  unit.  The  experimental  ob- 
jective here  concerned  v:as  to  determine  whether  different  agglu- 
tinating antibodies  were  present,  or  if  the  agglutinating  sub- 
stance does  act  as  a  unit,  how  complex  its  binding  properties 
are. 

-he  percentage  of  agglutinins  active  for  one  corpuscle, 
which  is  adsorbed  by  another,  was  measured  by  comparing  titra- 
tions r-.ade  before  and  after  absorption.   For  convenience  in 
■working,  the  kinds  of  cells  were  divided  into  groups  of  threes 
and  the  specificity  of  the  agglutinins  determined  for  the  dif- 
ferent cells  of  each  group. 

The  grouping  of  cells  is  as  follows: 


Group  One 
Group  Two 
Group  Three 
Group  Four 


Guinea  Pir;,  rabbit  and  rat. 
Rat,  goat  and  sheep. 
Rabbit,  goat  and  sheep, 
Guinea  Pig,  goat  and  sheep. 
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The  various   g;roup3   of  cells  vrere  tested   in  the   spur.e  v/ay. 
UsinK  cells   of  group   one   as   a  type,   the  procedure  veas  as   follows: 

a.  Pre-ad sorption  Titrations.   -  The  agglutinating  titre  of 
cooled  inactive  chicken   serum  was  determined  for  the  red  cells 

of  the  guinea  pig,    rabbit   and  rat,   according  to   protocol   A.      These 
are  referred  to  as  the  normal   or   ore-adsorbed  titres  and   it   is 
with  these  that  the  post-adsorbed  titres  are  compared, 

b.  Adsorption  Process.   -  From  the   same  lot   of  serion  from 
which  the  pre-adsorbed  titrations  vrare  made,    5  c.c.   of  undiluted 
serum  was  added  to  concentrated  guinea  pig   cells    (concentrated  by 
centrifugalization  from  5  c.c.   of  blood),   the  mixture  being  thor- 
oughly stirred  and  then  incubated  for  one  hour.     The  cells  were 
then  thrown  out  by  centrifugalization  and  the  serum  removed.     A 
similar  preparation  was  made  with  rabbit  cells  and  also  with  rat 
cells. 

c.  Post -ad scroti  on  Titrations.   -   hach  of  the  three  ad- 

: ^ 

s orbed  sera  obtained  under  process/was  now  titrated  against  the 
red  corpuscles  of  the  guinea  pig,  rabbit  and  rat  according  to 
protocol  A.  The  result  of  this  test  is  given  in  Table  II,  A 
study  of  this  Table  brings  out  the  following  points: 
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Table  II   This  table  shows  the  percentap;e  of  hemagglutinins 
removed  from  pooled  chicken  serum  when  odsorbed 
by  the  red  corpuscles  of  the  guinea  pig,  rabbit 
and  rat,  as  shovm  by  the  subsequent  titrations 
•trith  corpuscles  from  the  same  species. 


Kind   of  cell 
used  in 

Guinea  pig 

Rabbit 

Rat 

adsorbing 

Kind   of  cell 
used   in  ti- 
trating 

t3 

P                -P 

(D 

C 

t, 

^ 

& 

.g 

+5 

C 

1 

Pre-adsorbsd 
titres 

20        200 

250 

Post-adsorbed 
titres 

0          50 

50 

0 

0 

50 

0 

40 

0 

Titres  after 
second  adsorbing  0 


50 


40 


28 


Percentape  of 

anrlutinins 

removed 


100   75 


100  100  80   100  80  100 
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(1)  All    of  the  agglutinins  active   for  guir.ea  pig  cor- 
puscles  -xre  reroved  by  either   rahbit    or  rat    corpuscles, 

(2)  Approximately  throe-fourths   of  the  agglutinins  active 
for  rabbit   corpuscles  are  rer.oved  by  either  guinea  pig   or  rat 
corpuscles. 

(3)  ADprorimately  three-fourths   of  the   agglutinins   active 
for  rat  corDuscles  are  reiroved  by  either  rabbit    or  guinea  pig 
corpuscles, 

Aonarently,    only  about  tvreuty-five  per  cent   of  the  anti-rat 
agglutiiMns  and  tvfenty-five  per  cent    of  the  anti-rabbit  agglutinins 
are  adsorbed   specifically.     All   of  the  agglutinins  vrhich  are  ac- 
tive for  guinea   nig  cells,    about  three-fourths   of  -^he  agglutinirs 
which  are  active   for  rr.bbit   cells   and  about   the   sair.e  proportion    of 
the  agglutirirs  active  for  rat   cells,   can  be  adsorbed  equally 
as  Trell   by  any   one   of  these  three  kinds    of   cells. 

*nother  adsorption   experiinent  vras  performed.     This   second 
eroerirent  vras   carried   out    in  tbe   same  vray   as  the   one  ^ust   de- 
scribed  above,  with  the  exception  that  after  the  undil'.'ted  serum 
had  ^een  adsorbed,   and  before  it  was  titrated,    it  was  again  ad- 
sorbed with   fresh  cells   of  the   sane  1-ind   and    in  the   sane  anoints 
as  were  used   ir  +-he  first  adsorption.     This  was  to  answer  the 
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question  as  to  whether  the  rod  cells  v^ere  renovinp;  the  af^^l^tinins 
in   some  mechanical   way,    or  become  saturated  before  all  the  a^f^lu- 
tinins  had  been  taken  up.      If  either   or  both  of  these  conditions 
were  true,   a  second  adsorption  of  the  serum  with  fresh  cells 
would   remove  the   remaining  anti-bodies   active    Tor  a  particular 
kind   of  cell,      'I'he  results    of  this   experiment   are   also  shown   in 
Table   II.      It   is   apparent  that   practically  no  antibodies  vrere 
removed  by  the  second  adsorption. 

i'he  question  arises  as  to  whether  the  agp^lutinins  which 
are  adsorbed  non-specifically  are   identical   or  only  apparently 
so,  because  the  degree   of  non-specificity  chanced  to  be  the 
sane.     A  sim.ple  test   showed  the  former  condition  to  be  the 
true  one.     This  was  done  by  carrying   out  another  adsorption 
experiment,   as   follows:      In  addition  to  adsorbing   one  lot   of 
serum  vrith  guinea  pig  cells,  a  second  vfith  rabbit   cells  and  a 
third  with    rat   cells,    a   fourth  lot  was   adsorbed  with  both 
guinea  pig  and  rabbit   cells,  a  fifth  lot  with  both  guinea  pig 
and  rat   cells,   and  a  sixth  lot  \fith  both  rabbit  ".nd  rat   cells. 
Each  lot   of  the  adsorbed   serum  was  then  titrated  against   each 
of  the  three  kinds   of  cells  and  a  comparison  of  pre-adsorbed 
post-adsorbed,   and   post   double-adsorbed  titres  was  made,      A 
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record  of  these  titres  is  shovm  in  Table  III.   yrom  the  r-ecord 
it  can  be  seen  that  the  euinea  pig;  and  rabbit  cells  together 
removed  practically  no  ir.ore  af;?:lutinins  for  rat  cells  than  each 
alone  removed.   The  same  is  true  in  case  of  the  removal  of  pg- 
glutinins  for  rr.bbit  cells  by  guinea  pig  and  rat  corpuscles. 
The  results  suggest  that  the  red  corpuscles  of  the  guinea  nig, 
rabbit  and  rat  arc,  in  this  case,  removing  identical  antibodies. 
Rabbit  cells,  in  addition  to  removing  these  identical  antibodies, 
will,  at  the  same  time,  remove  their  specific  agglutinins.  This 
is  also  true  of  the  rat  corpuscles. 

Chicken  serum  was  row  tested  against  cells  of  groups  two, 
three  and  four,  and  the  results  recorded  in  Tables  TV,  V,  and  VI, 
respectively.  The  saire  thing  haoDened  here  as  with  the  cells  of 
group  one.  ■Hhen   a  specimen  of  serum  \7as  adsorbed  with  any  tyro 
kinds  of  cells,  little  more,  if  any,  of  the  agglutinins  active 
for  a  third  kind  of  corpuscle  were  removed  than  vrhen  the  serum  was 
adsorbed  with  the  one  having  the  higher  adsorption  percentage. 
It  is  an  interesting  fact,  that  although  goat  cells  are  not  ag- 
glutinated, they  are  capable  of  adsorbing  the  ag,q;lutinins  ac- 
tive for  other  cells,  namely,  those  of  the  rabbit  and  the 
guinea  pig.  Also,  vfhen  sheep  cells  show  no  agglutinating  titres, 
they  nevertheless  take  up  antibodies  active  for  other  cells. 
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?A 
(See  Table  V),     Apparently,  goat  cells  do  not   adsorb  a^Rlutinina 
active  for  rat  cells. 

Of  the   five  agglutinins   studied,    none  active  for  a  given 
kind   of  cell   shows  absolute   specificity  when  measured  by  adsorp- 
tion tests.      Only  two,   those  active   for   rabbit   and  rat   cells 
showed  partial  specificity  throughout  all  the  tests.     Anti-guinea 
pig  agglutinins    showed  partial   specificity  when   adsorbed  with  goat 
and   sheep  cells. 

It   is   suggested   from  the  behavior   of  guinea  pig  cells   in 
their  adsorption   of  antibodies  that,   like  the  corpuscles   of  the 
goat  and   sheep,  they  adsorb  hemagglutinins  which  do  not  enter  into 
their  agglutinating  reaction.     Thus  we  find  that    one  unit   of 
guinea  pig  cells  adsorbed   from  two  to  eight  units   of  a3;r,lutinins 
active  for   other  cells   (rabbit    and   rat),   but   the  guinea  pif   cells 
were  not  agglutinated.     Sheep  and  goat  cells   each  have  al|sorbed 
five  units   of  anti-rabbit  agglutinins  without  being  agglutinated. 
The   fact  that  the  goat  cells   remain  immune  to  the    action   of  any 
of  these   antibodies,   leads  us  to  think  that  the  guinea  pig  cells 
are  behaving   similarly.      It   might  be  that   several   units   of  anti- 
rabbit   or  anti-rat  hemagglutinins  are  required  to  make  one  unit 
of  anti-guinea  pig  hemagglutinins.      Should  this  be  true,  then 
variations  in  the  agglutinating  titres  for  rabbit,    rat  and  guinea 
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Table  VIl  ,  This  table  shows  a  suinnary  of  the  percentnges 
of  hemagglutinins  removed  from  pooled  ohicken 
serum  when  adsorbed  by  the  red  corpuscles  of 
the  rat,  rabbit,  guinea  pig,  sheep  and  goat. 


Kind  of  cell  used  in  adsorbing 


Kind 

Rat 
Rat    100 

Rabbit 
80 

Guinea 
80 

Dig 

Sheep 
0 

Goat 
0 

of 

Rabbit  60 

100 

65 

40 

60 

cells 
used 

Guinea 
nig    100 

100 

100 

96 

28 

in 

)  Sheep  100 

100 

100 

100 

100 

titrating 

)  Goat     0 

0 

0 

0 

0 
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pig  cells  should   run  parallel.     That   this  does  not  always 
hnpnen  cnn  be   seen  by  comparing  the  titres   for  these  cells 
shown  in  Tables   II  and   III, 

A  svtmary  of  the  per  cent   of  henagr.lutinins  for   one  kind 
of  corpuscle  which  are  renoved  by  another  kind   is   gi-^en  in 
Table  VII. 

4.     The  T-ime  in  the  Life  of  the  Chick  when  Normal  Hemagglu- 
tinins Appear. 

A  series    of  tests,   rade  with  the   serum  from  seventeen 
chicks,   show  that  the  hemagglutinins  which   e:cist  normally  in 
the  blood   of  the  adult   fowl  are  not  present   at   hatching,   but 
apoear  at   a  definite  time   afterwards.     These  tests  were  mad© 
upon  two  lots   of  chicks,  one  a  flock  of  eight   nure  Plymouth 
Rocks  and  another  of  nine  pure  White  Leghorns   from  an  incuba- 
tor hatch.      Five  tests  were  r.ade  on  the  Plyn-Louth  Kocks;   the 
first   on  the  twenty-ninth,   the  last   on  the   seventy- seventh 
day  after  hatching,     iight  tests  were  made  on  the  White 
Leghorns;  the  first    on  the  tenth  day  and  the  last   on  the 
fifty-eighth  day  after  hn^ching.     The  first   tests  were  rade 
to  deternine  the  presence   or  absence   of  the   antibodies   in 
the   active  and   inactive    serum.     This  was  done  by  making  hang- 
ing drops  with  the  undiluted   serum  and  the  red  cells.     V.'hen 
^he  chicks  were  old  enough  to  withstand  the  loss   of  larger 
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Table  DC.   This  table  shows  the  ape  at  v/hich  hemagglutinins 
began  to  appear  in  the  blood  strean  of  eight 
Plvmouth  RocV  Chinks, 


Method  used 

Undiluted   Serun 

Protocol  A 

\re  of  chick 
in  days 

29 

36                    56 

70 

77         77 

Kind 

hC 

of 

(X, 

cell 

Hi 

-P 

used 

c 

3 

* 

O 

« 

0)  -H 

c  ^ 

.H   ^_    +3 


1      0   0   0      0  +  -^     123  0  28 

2 

133  0  100 

310     500  10  133 

310     133  10  133 

310     200  5  135 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

•f 

0 

0 

0 

+ 
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0 
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0 

+ 
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0 

t 
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0 
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f 

+ 
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0 

0 

t 
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0 

0 

+ 

+ 
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350     180    20       100 


500     142    10        50 
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amounts  of  blocd,  the  exact  titres  were  determined  with  bcjth 
the  active  and  inactive  sera,  accordirf*  to  protocols  A  or  B. 
The  results  fron  these  tests  are  shown   in  Tables  VIII   and   Ia. 

The  evidence  pr'5sented  in  these  tables  demonstrates  that  the 
hemagglutinins  existing   in  the  serum  of  the  adult   chicken  for  the 
red  corpuscles   of  the  guinea  pig,  the  rabbit   and  the  rat   appear 
betvreen  the   second  and  fifth  vfeek  after  hatching.     Those  active 
for  rabbit  and  rat  cells  appear  first,   about  the  sixteenth  day, 
and  those  active  for  guinea  pig   cells  apf)ear  about  three  '.reeks 
liter.     The  arount   of  hemagglutinins  gradually  increases  over  a 
period   of   several  days  until  the  adult   titre   is   reached.      This 
period   is   for  rabbit   cells   about   twenty  days,   for   rat   cells 
about  thirty  days.      The  tire  cannot   be  determined   from  these 
records  for  guinea  pig  cells,    as  +-he  tests  did  not   continue 
until  the  titre  for  these  cell?  had  reached  that   of  the  r.dult. 
It   is   evident,    how»"-°r,   thf.t   the  time   is    ir.ore  than  thirty  days. 
5.     '''he  r;ffect   of  Treating  Chicks  "dth  Red  Corpuscles. 

It  has  been  der.onstrated   (part  4)  that  the  agglutinins  for 
the  red  corpuscles   of  the  gui-^ea  pig  do  not  appear  in  the  serun 
of  the  chick  until  between  the  fourth  and  fifth  week  after 
hatching.     This  is  about  three  v/-eeks  aftrr  the  appearance  of 
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the  afTfrlutinins   for  the  r^d   corpupcles   of  the   rabbit   and  the 
rat.      -fith  this   fact   in  rr.ir.d,   the   question  was   raised   as  to  the 
possibility   of  stiraulatipE-   the  anti-p;uinea   pip;  ap;f;lutinins  to 
appear  earlier  by  the  in.iection   of  the   specific  antigen.      The 
question  was   put  to  test    in   the   following  experiments: 

a.    ^nti -guinea  pig  experiment.    -  Seven  pure  "Thite  Leghom 
chicVs  were  eash  piven    intraperitoreally  an   iniectior   of  0.5   c.c. 
of  a   1-5  dilution   of  guinea  pig   corpuscles.      Two  chicks  7rere 
kept  for  controls.      The  inflections  were  repeated  on  the  fourth, 
sixth  and  ninth  days  after  hatching,    and  the  first  test  for  ag- 
glutinins was  ir.ade   six  days   follovring  the   last   infection.      The 
chicks  were  by  this  time  fifteen  days   old.      Two   subsequent  tests 
were  made.     The  results   from  all  the  tests  are  recorded  in    Table  X. 

From  the  results   shown   in  the  Table   (x),    it   can  be   seen 
that  the  agglutinins   active  for  guinea  pig  cells  have  appeared 
fifteen  days   earlier  in  the   chicks  which  received  the   infections 
than   in   normal   chicks   (see  part   4,   Table   IX).      The   controls, 
chicks  Kos.   8  and  9,    in  this  test,   had  not  developed  the  anti- 
bodies -when  the   last  test   was  made  twenty-seven  days   after  hatch- 
ing.     It    is  noted   ^hat   out   of   seven  treated  birds,   three   (chicks 
f'os,   1,    5,   and   6)   had  reached  titres   several  tires  higher  than 
■^he  titre  shown  by  the  adult   for  F;uinea  pig   cells.     Two  (Kos,   2  and?) 
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Table  X,  This  t.Hble   showe   the  effect   of  Iniectiors   of 

chicks  vrith  red  corpuscles  of  ^  he  p;uineR  nig 
with  resp<?ct  to  tine  of  ori?:in  of  the  hemag- 
glutinins. 


Method 
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Protocol    B 

\g9  of 
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showed  titres   comparable  to  that   of  the  adult,   while   one   (No.   4) 
showed  a  low  titre,   and  ano+-her,    (No.   3)    showed  no  af^p;lutinins. 
It   is   significant  that  v/hen  the  iniections   are  stopped,   the  titre 
gradually'   falls.      It   is   also   significant   that  these  antibodies  do 
not   agglutinate  rabbit   or  rat   cells,  neither  do  the  ap:Elutinins 
for  these  latter  cells  originate  any  earlier  in  the  treated 
animals, 

b.     Anti-rabbit  experiment.   -  A  series  of  chicks  treated 
with  red  cells    from  the  rabbit   gave  results  which  vrere   surprising- 
ly different  from  those   obtained  with  the  anti-guinea  pig   series, 
for  this   experiment  a  hatch  of  thirteen  chicks  was   used.     None  of 
these  was   of  pure  stock,   but   a  nix+ure  of  Thite  and    3rown  Leghorn, 
Plymouth  ''.ock  and  Wyandote,     '.Vhen  they  were  twenty-four  hours   old, 
nine    of  them  (Nos.    1-9   inclusive.   Table  XI)   were   each  given  an 
intraperitoneal  injection  of  0.5  c.c.    of  rabbit   cells,    1-5  dilution. 
The  other  four  were  kept  for  controls   (Kos.   10  -  13  inclusive. 
Table  XI),     These  in.-^ections  were  repeated   on  the   fourth  and   sixth 
days  after  h°tcbing.  When  the   chicks  were  eight   days   old   (four  days 
following  the   last   injection),    their   sera  were  tested   for  agglutinins. 
Two  subsequent  tests  were  made.     The  results  are  recorded  in  Table  XI. 
It   is  reidily  seen  from  the  Table  that  the  injection  of  the  chicks 
with  rabbit  corpuscles  has  not  hastened  the  time  of  appearance  of 
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Table  XI.       TMs  table  shows  the  effect    of  ir;1ectinp; 
chicks  with  red  corpuscles  of  the  rabbit 
with  respect  to  the  time   of  origin   of 
hemagglutinins. 
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Fif^ 

bit 
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chicks 

(1 

( 

(2 

( 
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( 

(4 

( 

(5 
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0 

0 

0 

0 
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2 
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0 

0 

0 

0 

0 

0 

0 
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0 

2 
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0 

0 

0 

0 

0 

0 

0 

0 

200 

0 

0 

500 

0 

0 

0 

0 

0 

0 

0 

0 

200 

2 

0 

500 

0 

0 

0 

0 

0 

0 

9 

10 

500 

0 

0 

0 

0 

0 

0 

0 

0 

500 

-fe  (  8 

t   ( 
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0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 

2 
1 
0 

500 
100 
200 

2 

0 
0 

5 

1 
10 

200 
500 
500 

(10 
( 
«(11 

ri  ( 

0 

0 

0 

0 

0 

0 

0 

0 

200 

0 

1 

500 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

5 

200 
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§( 
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0 

0 

0 
0 
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0 
0 

0 
0 

0 

0 

0 

0 

0 
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the  agglutinins   for   this   corpuscle  nor  for  the   red   corpuscles   of 
the  guinea  pig. 

c,     Anti-r>it   exnsrir.ent.    -     A  third  series   of  chicks  with  a 
genetic  nak«  up  sir.ilar  to  those  in  the  anti-rabbit  group 
(exp,   b)  were  treated  with  rat  cells,     T'ine  were  t^iven  the 
in;iections  nnd   four  kept   for  controls.      Injections  were  made 
or  the   first,   third,    fifth  and   seventh  days   following  hatching. 
Six  days  after  the  last  treatment,  their  sera  were  -t-ested  for 
agglutinins    -Ith  results  as  recorded   in  Table  XII.      It   is 
evident  that  this  treatment   did   not   influence  very  decisively 
the  anpearance   of  the  agglutinins   for  r'\t   cells,   although   it 
is  true  that   on  the  thirteenth  day  after  hatching,   the  agglu- 
tinins  for  rat    cells  appeared  in  seven   out   of  nine  treated 
birds  and  none  in  the  controls.      It  must  be  rerembered  that 
these  arglu-*-inirs  begin  to  appear  norr.ally  about  three  days 
later  than  this.     Hence  little   significance  can     be  attached 
to  •'-his   slitrht   advance   in  tine. 

The  results   of  the  anti-guirea  pig  experiment  are  directly 
opposed  to  those  of  the  anti-rabbit  and  anti-rat  experiments; 
the  appearance   of  the  agglutinins  being   incited  by  the   injec- 
tion  of  guinea  pig   corpuscles  but  not   by  the  cells    of  tho 
rabbit    or  the  rat.      "^he  question  was   raised   as  to  the  possibil- 
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T^ble  XII.  This  table   shows  the  effect   of   in.-iections   of 

chicks  with  the  red  corpuscles   of  the  rat  with 
respect  to  the  time  of  origin   of  the  heiriag- 
plutinins. 


V.ethod  Osed  - 

.     Undiluted 

Serum 

Protocol   R 

Age   in 
days 

13 

23 

Kind  of 
cell  used 

Guinea 
Fig 

llabbit 

Rat 

Guinea 
Pig 

;'.abbit        Uat 

Fo.    of 
chicks 

500 


500 


200 


500 


200 


500 


500 


10  0  0  0  0  0  200 
0  t  0 

11  0  0  0  0  0  200 
0  0  0 

12  0  0  0  0  0  500 
0  0  0 

13  0  0  0  0  0 

0  0  0 


0  0            0 

0  0            0 

0  0            * 

0  0            0 

0  Of 

0  t            + 

0  0          *. 

0  Of. 

0  0            t 

0  Of 

0  0            0 

0  0            j- 

0  ^            \ 

0  0         t 

0  +            t 

0  +            + 

0  0            0 

0  0            0 
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ity   of  <-he  variety   of  chick  used  havinp:    influenced  these   re- 
sults,   since  in  the  last  two  experiments  chicks   of  genetically 
different  irake-ups  were   employed;  the  arti-giuinoa  pig   chicks 
•were  all    of  pure   stock,  while  tho   anti-rabbit   and   anti-rat 
chicks  were   of  a  mixed  variety. 

To  answer  this  question  the  first  two  experiments  were  re- 
peated, this  time  using  thirteen  chicks  of  a  mixed  variety. 
These  vrere   divided  into  two  lots,    six  receiving;   a   series   of   in- 
jections Tfith  rabbit   corpuscles   and   seven   receiving   a  series   of 
in.-i'?ctions  with  guinea  pig   corpuscles.     Treatments  were  be^'un  on 
the   second  day  after  hatching  and  repeated   on  the  fifth  and  seventh 
days.     Cells  were  used  in  the  same  amounts  and  concentrations  as 
in   previDUS  experiments.      The   first  test   vfas  rade  when  the  birds 
were  thirteen  days   old.     The  results  are  recorded  in  Tables  XIII 
and  XiV.      ..e   find  here  the   sar.e  thing  happening   as   in  the   pre- 
viously  injected  birds,      rhe  guinea  pj.g   cells   have   stimulated 
their  specific  agglutinins  to  appear  seventeen  days  earlier  than 
normally,  while  the  rabbit   corpuscles   f^.iled  to  call   forth   spe- 
cific  antibodies. 

■Jhile  the  agglutinating  titre   in  the   case  of  the  anti-guinea 
pig   series  did   not   reach  that  which  had  been  reached   in  the 
first   series,   nevertheless  they  are   sufficiently  high  to  be 
quite   conclusive.      The  evidence  presented  by  these  two  tests 
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Table  XIII.         ^his  table  shms  the  efx^ect   of  in.iecting; 
chicks   (minted  variety)  v/ith  red  corpus- 
cles  of  rabbits  with  respect  to  tiine  of 
origin  of  hemagglutins. 


1/ethod 
Used 


Undiluted  Serum 


Age  of  chick 
in  days 


13 


Kind  of  cell  used 


Guinea 

Pig 


Rabbit 
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'able  AIV,         This  table  shows  the  effect   of  injecting  chicks 
(miTced  variety)  with  p;uinea  pig  red  corpuscles 
with  respect  to  time   of  origin    of  hemagglutinins, 


Let hod 

Used 

Frot 

ocol   3 

^9!;e   of   chick 

in  days 

13 

Kind    of   cell 

Guinea 

Rabbit 

Hat 

used 

pig 

1 

50 

0 

0 

50 

0 

0 

2 

20 

0 

0 

10 

0 

0 

3 

10 

0 

♦ 

5 

0 

0 

4 

5 
5 

0 
0 

0 

5 

10 

0 

0 

10 

0 

0 

6 

10 

0 

0 

10 

0 

0 

7 

100 

¥ 

+ 

100 

0 

•i 
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shovfs  that  the  difference   in  result's   obtained  fror.  the  in- 
^iections  of  these  two  n.r.tip;ens   is  due,   not  to  a  difference 
in  the  chick,   but  to  the  kind   of   corpuscles  used   as   antigen. 

Since  it   has  been  shown  that  the  f^.nti-rabbit   and  anti- 
rat  hemagglutinins  do  not   appear  until  about  the  sixteenth 
day  after  hatching,   it   is  puzzling  to  knov.-  why  these  antibodies 
do  not   respond  to  the   infection   of  their   specific   an't-igens 
as  the  anti-guinea  pig   antibodies  do.      The  following  tenta- 
tive explanation  is   offered:      It  has  been  der.onstrated  that 
rabbit  corpuscles  treated  rrith  chicken  serum  are  rendered 
non-antigenic    (14).     This  fact  has  been  offered  as  an   ex- 
planation   for  ^-he  failure  to  raise  the  her.olytic   titre   in 
adult   fowls.      Should   it  be  true  that   henolysins   appear   earlier 
than  the  hemagglutinins,   and  are  present  at  the  time  vrhen 
imriunization  with  the  rabbit   and   rat  cells  was  begun  in  the 
chicks,    it   is  possible  that  these  cells  are  rendered  non- 
antigenic  for  the  production  of  their  hemagglutinins, 
6,     The  Norm.al  and  Imnune  Hemagglutinins   in  Chicken   Serum 
not   Identical. 

-Then  the  serum  from  the  adult   chicken  has  been   adsorbed 
with  the  red  corpuscles   of  the  rabbit,   subsequent  titrations 
made   against  the  red   corpuscles    of  the  guinea  pig  and  the 
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rabbit  show  that  all  the  af^plutinins  for  these  two  kinds 
of  cells  have  beer,  removed  (part  3).   ^  very  significant 
difference  ir  result  was  shown  when  this  sane  experiment 
was  repeated,  substituting  for  the  adult  serun,  serum 
from  chicks  which  had  been  imr.urized  ap;ainst  red  corpuscles 
of  the  guinea  pig  (part  5).   In  this  immune  serum,  pooled 
from  four  chicks,  agglutinins  active  for  guinea  pic;  corpus- 
cles were  demonstrated  in  titre  of  1-20,  vrhile  those  active 
for  rabbit  corpuscles  could  be  demonstrated  only  in  the  un- 
diluted serum.  These  adsorptions  and  titrations  were  car- 
ried out  for  these  two  kinds  of  cells  by  the  sane  method 
as  was  used  in  part  3,  The  results  are  recorded  in  Table  XY. 

This  experiment  vras  repeated  with  practically  the 
same  results  as  the  ones  ^iust  described.  Guinea  pig  cor- 
puscles removed  all  of  the  agglutinins  for  guinea  pig  cells 
as  was  the  expectation.  The  same  holds  for  rabbit  cells,  but 
in  this  case,  contrary  to  what  happens  with  the  normal  serum, 
rabbit  corpuscles  failed  ^o  remove  the  agglutinins  for  the 
red  cells  of  the  guinea  pif.  This  reaction  of  anti-guinea 
Dig  agglutinins  toward  the  red  corpuscles  of  the  rabbit  is 
interesting  in  that  it  shows  the  agglutinins  in  the  imr.une 
serum  which  agglutinate  guinea  pig  corpuscles  are  different 
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Table  XV  This  table   shows  the  results  when   immune 

anti-gruinea  nig   serum  is   adsorbed  with  the 
red  corpuscles   of  the  guinea  pig  and   rabbit 
nnd  subsequently  titrated  apainst  the  red 
corpuscles   from  the   sar.e   species. 


Kind    of  cell  used 

in  adsorbing  Guinea   Pig  Rabbit 


Kind   of  cell  used 

in  titrating  Guinea  Fig     Rabbit       C-uinea  Pig     Rabbit 


Titre  before 

adsorbing  20  1  20 


Titre  after 

adsorbing  0  0  20 
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from  the  af.^lu-t-inina   in  the  norr.al   serum  which  ap-.plutinate 
^ninoa  pig   corpuscles.      In   other  words,  the  latter  have  an 
affinity  for  the  red   corpuscles   of  ■••he   rabbit   while  the   for- 
mer do  not. 

DISCUSSION   AND  CONCLUSI(»IS 
The  differences   in  the  ar.ount   of  hemolysins  and  hemap;- 
p;lutinirs   present   in   chicken   serum  for  the  red   corpuscles    of 
other  animal    species  bear  no  relation  to  the  nearness  or  remote- 
ness of  kinship  between  the  kind  of  species  from  which  the  cells 
are  tested.     There  seems  to  be  no  a  priori  reason  why  the  red 
cells   of  the   rabbit   should   be  five  times   as   susceotible  to 
these  natural  antibodies  as  are  the  red  corpuscles   of  the 
euinea  nigj    or,   on  the  other  hand,  why  guinea  nif  cells  and 
frog  cells  should  be  equally  susceptible.      That  these  natural 
antibodies  act   upon  all  but    one  of  -f-he   fourteen  kinds   of  cornus- 
cles  tested  is  a  r.rct   striking  fact, 

Adsorbing  the  natural  hemagglutinins  with   five  different 
kinds  of  red  cells  has   shown   that  the  specificity  of  the  anti- 
bodies  concerned  is   relative  and    not   absolute.      Such  specificity 
as  there   is  depends   upon  the   kind    of  cells   used   in  the  test. 
According  to  these  results,    of  the  four  species  tested,    only  a 
part   of  the  anti-r'-bbit  and   a  part   of  the  anti-rat   hemagglutinins 
orp.   flhle   to  r-^sist   adsorption  hy    othflr   nnrnusclpp.      "here  remain?. 
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ho-.vevpr,   the  possibility  thnt   oven  these  two  can   be  adsorbed 
by  cc:lls   other  than  those   used   in  this  test.      Judging  from 
■••he  fact  that  guinea  pip;,    s'^eep  and  goat  corpuscles  are  able 
to  adsorb  herrxgglutinins  which  do  not   effect  their  agrlutina- 
■•■ion,  the   qu3stion   of  the   specificity   of  the   antibodies   here 
studied   is  not   yet    settled, 

Ths  fact  that   the  various   herr.gp;lutinirs   naturally   arise 
in  the  blood   strear   of  chickens  at   a  definite  time  after  hatch- 
ing arouses   some  interesting   speculation  as  to  -^-he  cause   of 
their  appearance.      The   qurstion  as  to  why  natural   antibodies   in 
general   are  present   in   t-hc  blood   strean   of   animals    is  an    old 
one.      It   is   sor.etimes   stated   in     textbooks   (15)   that  the  pres- 
ence of  natural   an+-i-bacterial  antibodies  may  be  the  response 
to  the  stimulus  produced  by  the  very  small  numbers   of  specific 
organisms  vrhich  sometimes   enter  the  blood   stream  by  vray   of 
lymphoid  tissue,    such  as  Peyers   patches,   tonsils,   etc.    (16). 
Zingher   (I7)^in  nerforr.ing   Schick  tests   on   52,000   school 
children   of  rew  York  City,   found  that  the  proportion   of  nega- 
tive reactions  vras  greater  among  those  children  living   in  tene- 
m.ent   districts  than  am.onn  those   living   in   the  wealthier   locali- 
ties.     He   concluded  that   the    so-called    "natural  immunity"  vrhich 
these  children   poEsessed  for  diphtheria  toxir.  vas  in  reality  ac- 
quired immunity  and  that  -t-he  greater  percentage  of  those  children 
having  negative  reactions   occurred  in  the  tenement   sections 
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because  these  children  had  greater  opportunities  for  exposure. 
It  is  difficult  to  believe  that  such  an  explanation  can  account 
for  fbe  appearance  of  henaK^lutinins  in  the  blood  strear.  of 
the  chicV,  for  it  is  inconceivable  that  the  red  corpuscles  of 
other  animal  species  can  enter  the  living  body  of  the  chick  at 
this  time,  "'he  nature  of  the  development  of  the  chick  rules 
out  the  possibility  that  these  antibodies  can  be  transferred 
from  the  r.other  through  ^-he  placenta  (7).  T'he  work  of  Happ  (3) 
on  the  time  of  ^he  appearance  of  iso-heroaF;glutinins  in  man,  to- 
gether with  the  work  of  von  Dungern  and  Cttenberg  (5)  showing 
that  these  affinities  of  the  agglutinins  are  determined  in 
the  germ  plasm  would  lead  us  to  conclude  that  v.e  must  look  for 
a  more  general  physiological  process  underlying  the  development 
of  +he  natural  hemagglutinins  in  the  blood  stream  of  the  chicken. 

The  response  of  *-he  chick  in  producing  specific  antibodies 
following  the  injections  of  guinea  pig  corpuscles  was  not  contrary 
to  expectation.  It  is  to  be  recalled  that  injecting  adult  fowls 
with  red  corpuscles  does  not  produce  any  marked  increase  of  anti- 
bodies active  for  ^hese  cells  (14).  This  was  explained  on  the 
ground  thp.t  the  blood  of  these  chickens  digest^-d  the  cells  to  a 
Doint  at  which  they  were  no  longer  antirenic.   In  the  case  of 
the  chicks  no  lytic  substances  had  yet  appeared  in  the  blood 
stream  during  +-.he  process  of  immunization  and  for  this  reason 
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it    is  tentatively  concluded  thnt  the   cells  were   able  to  act 
antiprenically.     V'ore  data  ir?  necassary,   hov,-ever,   before  such 
a  conclusion  can  be  held  valid.     The  failure  of  chicVs  to  re- 
spond to  the  injections    of  rabbit    n.rd  rat   cells   is  difficult 
to  exol-^ir.     It   is   sngfrested,   however,   that  the  eirly  appearance 
of  the  natural   antibodies  ective   for  thesa  cells  bears   some   rela- 
tion to  the  case,      Iminunizing  the    chicks  vrith  the  corpuscles   of 
goat  and   sheep  has   shovm  that  these  cells  have  antigenic  pro- 
perties  in   common.     This  result  corresponds  to  that  obtained 
when  these  cells   are   inTScted   into  rabbits   (18). 

The  difference  between  the  nornal   and  the   immune  anti-guinea 
pig  hemagglutinins,  Trhen  tested  by  adsorption,    is  definite.     One 
objection  might  be  raised  regarding  the  norm.al  antibody  employed 
in  this  test.      Since  all  the  natural  anti-guinea  pig  agglutinins 
are  adsorbed  by  the   red  cells   of  the   rabbit  and   the  rat,    one 
might   justly  ask  -whether  these  are  in   fact   anti-guinea  pig   anti- 
bodies.     It  might  be   said  that   they  are  antibodies  which  act    on 
other  cells,  as  v/ell  as  those  of  the  guinea  pig.     On  the  other 
hand,  there  is  evidence  which   supports  the  conclusion  that  this 
nn-t-ibody  is   rot   identical  with  the  others  mentioned  above.      In 
the   first  place,   the  agglutinins  active  for  guinea  pig  cells 
appeared  at   a  time  different   from  those  active  for   ^he   rabbit 
corpuscles,      ^-his  means  that  the  two  must  be  different   in   at 
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least   one  respect.      In  the   second   place,   the   second   adsorption 
of   serur.  with   fresh  guinea  pig  cells  fails  to   remove  any  addi- 
tional  anti-rabbit   antibodies  beyond  those  removed  at   first. 
These  facts  are  sufficient  to  .iustify  calling  the  natural  anti- 
body an  anti-^,uinea  oip;  hemagglutinin.,      ^hat  the  normal   and 
the  immune  anti-body  here  concerned  are  different,  there  can  be 
no  doubt.  Therefore,    it   cannot  be  said  that  the  immune  anti- 
guinea  pig  hemagglutinins  are  a  quantitative  increase  of  the 
norm.al  antibody  already  present, 

SDML-ARY. 

1.  The  red  corpuscles  of  thirteen  out  of  fourteen  animal 
species  here  tested  were  found  to  be  agglutinated  by  pooled 
serun  from  adult  chickens.  Twelve  species  of  corpuscles  were 
also  hemolysed;  the  red  cells  of  the  pigeon  and  the  goat  being 
the  e:rceptions,  r^oat  cells  vrere  neither  hem.olysed  nor  aggluti- 
nated by  this  serum, 

2.  Iso-hemagglutinir.s  could  not  be  dem.onstrated  in  the 
active  and  inactive  chicken  serum. 

3.  The  specificity  of  the  hemagglutinins  in  pooled  norr.al 
adult  chicVen  serun  vras  shown  to  be  relative  and  not  p.bsolute 
when  tested  by  specific  adsorption  with  red  corpuscles  of  the 
rabbit,  rat,  guinea  pig,  sheep  and  goat. 

4.  The  time  of  the  appearance  of  the  her.agrlutinins  in  the 
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blood  stream  of  the  chicken  is   as   folloTrs: 

a.  Anti-guinea  pig:      About  30  days  aftsr  hatching. 

b.  Ant i -rabbi*-: About   16  days  after  hatching. 

c.  Anti-rat: About   16  days   after  hatching. 

5.  Iimune  anti-nuin'5a  pig   heiriieglutinins  were   stimu- 
lated to  appear  fifteen  days  earlier  than  the  nonr.al  anti- 
bodies by  intraperitoneal  injections   of  the  specific  antigens. 
Anti-rabbit  and  anti-rat  hemagglutinins  vrere  not   stimulated 
to  appear  any  e?rlier  than  in  the  normal  by  the  injections  of 
their  specific  antigens. 

6.  Normal   anti-guinea  pig  and   iimune  anti-guinea  pig 
hemagglutinins   show  one  difference  in  reaction,  the  normal 
antibody  being  adsorbed  by  rabbit's   red   corouscles  vrhile  the 
immune  antibody  is  not. 
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